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NOW COME the undersigned and declare that: 

1) I, Aviv SHAISH, a citizen of ISRAEL, have an address of Talmei Yehyel 
200, 79810, ISRAEL. 

2) I, Dror Harats, a citizen of ISRAEL, have an address of 71 Mendes Street, 
Ramat Ran, 52653, ISRAEL. 

3) That we are the coinventors named in the above-identified application for 
Letters Patent. 

4) The following facts show invention, i.e., at least conception, coupled with 
due diligence to a subsequent reduction to practice, of the presently 
claimed subject matter in ISRAEL, on a date prior to the Second day of 
July in the year TWO-THOUSAND AND THREE (07/02/2003), which date 
is, upon information and belief, the publication date (effective date) of the 
Hayashi reference entitled "METHOD FOR PRODUCING 
CAROTENOID," cited by the Examiner in the Official Action dated June 
14, 2006. This date is hereinafter referred to as the "Hayashi publication 
date". 



5) We invented the claimed subject matter of the present above identified 
application prior to the Hayashi publication date. 
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6) Attached hereto and made a part of this affidavit are Exhibits A through D. 

7.1) Exhibit A is copy of the original Experimental Protocol, In Hebrew, taken 
from the laboratory notebook of Aviv SHAISH which corresponds to 
Example 7 set forth in the specification and was preformed under our 
direction. The experiment compared glucose levels observed In diabetic 
mice fed a standard diet and diabetic mice fed a diet including crude 
Dunaliella algae after diabetes induction. As can be deduced from Exhibit 
A, the experiment was commenced on May 5, 2003, The Experimental 
Protocol, Exhibit A, describes: separating the mice into a first group of 
mice (the control group) and a second group of mice (the experimental 
group); after three weeks inducing diabetes in the mice by administering 
STZ over a five day period; following another three weeks, administering 
Dunaliella to the experimental group of mice; and periodically testing the 
mice for blood plasma levels of glucose, insulin, cholesterol, and 
triglycerides. 

7.2) From the Experimental Protocol, it can be seen the mice were first bled on 
May 5, 2003, at which time their blood glucose plasma levels were tested 
and recorded. See Exhibits C and D. The second bleeding occurred on 
May 29, 2003. STZ was administered to the mice over a five day period of 
beginning on June 1 , 2003. Diabetes was thereby induced, as evidenced 
by the blood glucose plasma levels recorded on June 22, 2004. The third 
bleeding occurred on June 26, 2003. The mice were last bled on July 27, 
2003, 

8) Exhibit B is an English language translation of Exhibit A. 

9) Exhibit C is a copy of a page out of the laboratory notebook of Aviv 
Shaish which contains data obtained from the experiment described in 
Exhibit A. 

10) Exhibit D is an analysis of the data obtained and referenced in Exhibit C. 

11) The work reported in each of Exhibrts A through D was preformed in 
ISRAEL. The material written on the originals corresponding to these 
exhibits was written in ISRAEL. The invention was reduced to practice in 
ISRAEL. 

12) We invented the presently subject matter, within the meaning of 37 CFR 
§ 1.131, prior to the Second day of July in the year TWO-THOUSAND 
AND THREE (07/02/2003). which date is, upon information and belief, the 
publication date of the Hayashi reference. 
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13) Ail statements made herein of my own knowledge are true. All statements 
made herein upon Information and are believed to be true. We 
understand that willful false statements and the like are punishable by fine 
or imprisonment, or both under the provisions of 18 U.S.C. § 1001, and 
may jeopartlize the validity of the application or any patent issuing 
thereon. 

14) Further, declarants sayeth naught. 

WITNESS our signatures below on the indicated dates 
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EXHIBIT B 




TRANSLATION OF PAGE FROM LABORATORY NOTEBOOK OF AVIV 

SHAISH 



EXPERIMENTAL PROTOCOL 
P34 LDL -/- mice mixed background males divided into 2 experimental groups: 

Group 1 - treatment: STZ 

Group 2 - treatment: STZ + Dunaliella 

12/13 mice in each group total 25 mice 

All of the mice will be fed a WESTERN diet 



Course of the experiment 

Pretreatment during three weeks + two weeks after STZ injection: 
CHAW diet for Group 1 and CHAW + Dunaliella for Group 2. 



1. 
2. 

3. 
4. 
5. 
6. 

7. 
8. 



Bleeding 1 - before beginning the pretreatment Date: 5.5.03_ 



Division into groups according to the profile results and initiation of the feeding 

Date: 8.5.03 

Bleeding 2 - after 3 weeks 
Injection STZ for a period of 5 days 



29.5.03 



Date: _ 

^ ^ Date: _1 -5 .6.03 

After 2 weeks measuring glucose to determine diabetes Date: 22.6.03 

Bleeding 3-3 weeks after STZ - beginning feeding WESTERN/+Du 

Date: _26.6.03 

Bleeding 4 - after 4 weeks Date: _1 6.7.03 - sacrificing 
Bleeding 5 - after 4 weeks Date: 



In each bleeding the following parameters will be checked: 

• Fasting glucose 

• Fasting insulin 

• Fasting cholesterol and triglycerides 

After 1 1 weeks sacrifice : Hearts for checking arteriosclerosis and coloring 

Fats profile - cholesterol and triglycerides 
Intestines, liver 
Insulin, glucose, AlC 
FPLC 

Leptin? TNFa? 

Materials : 

STZ 

Sticks for testing sugar 
Insulin kit 
Dunaliella 
Citric buffer 
WESTERN 

Each group will be divided into 2 pages - total of 4 pages. 
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EXHIBIT C 




EXHIBIT D 



Thursday, July 24, 2003, 14:29:48 

Data source: Data 1 in Notebook 

Normality Test: Passed )P > 0.200( 

Equal Variance Test: Passed )P = 0.662( 



Group Name 
stz glucose 9.7 
dun glucose 9.7 



N Missing Mean Std Dev SEM 

12 2 420.400 75.905 24.003 

13 1 348.250 75.709 21.855 



72.150 Difference 



(t = 2.223 with 20 degrees of freedom. (P = 0.038 

percent confidence interval for difference of means: 4.451 to 139.849 95 

The difference In the mean values of the two groups is greater than would be 
expected by chance; there is a statistically significant difference between the 
.(input groups (P = 0.038 

Power of performed test with alpha = 0.050: 0.462 

.The power of the performed test (0.462) is below the desired power of 0.800 
.You should interpret the negative findings cautiously 



Wurtf <■>// Wi^-^Vj/. 3I(S); AVy-Cm; (1990) 



Effect of Inhibitors on the Formation of Stereoisomere In the Biosynthesis of 

fi-Q^MiX^n^ in Dunaliella bardawil 

Aviv Shaish \ Mordhay Avion ' and Ami Ben-Amotz^ 

. , KOefMirtment ofDioc^^^^ Vie W^Umann Institute of Science, Rehovot 76100, fsmd 
mionaltnstitutitQfOceanosrapHy, Israei Oceanographic A limtiotogicQl Research, Tel-Shikmona 
P.O.R, 8030, Ua(/aSmO, Jsraef 

. ^ ^^^ay^tem wa« developed in which the efl<jcts of inhibitors of /^-carotene biosynthesis in 
Ounaheth bairdawH could be tested. Since D. bardaml can be induced to accumulate over 10% 
ot Its dry weight a5 /?-^tene, it is particularly suitable for such studies. Norfluiazoti a desaiura- 
tion inhibitor, caused the accumulation of phytocnc. or of phytoene and phytofluene, dcpendins 
on the concentration employed, J-334. a subsUcuicd 6.methylpyrimidmc which also inhibits 
dcsaturaiion, caused thcaccumidation of >?-7.eacaroterie. f^rotene and phytoene in different pro- 
portions, depending ou the concentration employed. The cycH«ition inhibitors, nicotine CPTA 
and MPTA. severely affected the growth and survival of Ihc aiga. and their eifects could therefore 
not be studied directly. However, their action was observed indh ectly by following the transfer^ 
ination of phytoene in norflurazon^pretreated phytoenc-rich algac. Under these condiUons pres- 
euce of the cyclase inhibitoni caused the transformation of phytocnc to lycopene, rather than to 
^-carotene. I he accumulated /(carotene or the intermediates /?-zeacarotenc, lycopcne f- 
carotene, phytofluene and phytoene in D. bardawil were all composed of two stereoisomers, ten- 
tatively assigned as the alkrans stereoisomer (55%) and the 9«cis stereoisomer (45^^). Tliis sug. 
gcsts that the isomcrization reacUon which leads to the production of the presumed 9^is isomers 
occurs early m the pathway of carotene biosynthesis, ai or before phytoene, with no isomcriza- 
tion during the turther transfoimatioos leading to /?-carotertc. 

Key words; Carotene biosynthesis - arotene inhibitors - DunaiieHa bardavfU ^ Herbicides. 



Two strains of Dunaiietta, D, salina Teod. and D. bar- 
dawil, produce large amounts of /y<arotene under ap- 
propriate conditions (Ben-AnioCz ct al. 1982. Loebiich 
1 9n). When A bardawU is cultivated under high light in- 
tensity and growth limiting conditions, such as high 
sodium chloride concentration, nitrate deficiency or ex- 
treme temperatures, it accumulates /^-carotene to more 
than of the algal dry weight. Under non^- 

cujiiulatuxg conditions, it contains only about 0.35^ (Bcn- 
Amot;£ ct al. 1982. Ben-Amotz and Avron 1983. 1989). 
The ^-carotene is accumulated within oily globules in the 
uucrthyiakoid spaces of the chloroplast and is composed 

Abbreviations: 'Kirtiurazon, 4-c:hl.5-(incdiy|.aniiiio)-2.(tt,a.«. 
trinuor<^m-tolyl.3 (2H)-pyrida^niae; CPTA. 2.(4H;hlorophciiyI) 
af 71"^*"'' t2-(4-nietliylphenoxy)tr|ctliyl aniincj; 

J J^.6K2<hlorol?cnzyloxyH-mcthyl-2,propylpyrimidiiie; 42-16^8, 
A4-dichlorqbcnzoyl4,4Hliractl,ylcycIohe 42-1669 
2.4-<Jichlorobcnroykydohcxa-2,6-dlone. 



mainly of two stereoisomers: P^ds and all-trans (Ben- 
Amotz et al. 1982, 1988). The /?<arotene content and the 
9-ds to idKtrans ratio arc proportional to the integral light 
irradiancc during a cell cycle (Bcn^Ainotz and Avron 1983, 
Hen-Amot/. ct al. i987). 

The biosynthesis of ^("Caroicne (Fig, 1) can b« divided 
into four stages: (a) formation of gcranylgcranyl pyrophos^ 
phate from mevalonic acid; (b) condensation to form phy- 
toene; (c) desaturation of phytoene to lycopcne; and (d) 
cydization of lycopcne to form /^^otenc. This pathway 
has been studied in higher plants, fungi and bacteria and to 
a lesser extent iu algae (Goodwin 1980, Baucrnfeind 
19SI). In a hardawii, only one intenrtcdiate, phytoene, 
has been identified so far (Ben-Amotz et al. 1 987) Algae 
treated with the herbicide norOurazon also accumulated 
two stereoisomers of phytoene in place of 9-ci5 and aU- 
trans /r^rotenc. These data indicated that the isomeriza- 
hon reaction which eventually causes the accuniuhtion of 
9.CIS and alMrans /?<arotetie owurs early in the pathway 
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Fig* 1 Postulated pathway of all-trims and 9-cis>?-carotcnc bi^synthcia in DunaUetia bardawU. The condwdcd sites of inhibkion of 
the inhibitors employed in this study are indicated. 



of carotene biosyiithcids (Ben-Amou et at. 1987). 

In this study we took advantage of the unitiue capabili- 
ty of Dimaiiella to accumulate massive amoutits of fi- 
carotene mainly to answer the following questions: (a) Are 
the intermediates of tlic ^-carotene biosynthetic pathway in 
£>, bardawU similar to the intermediates io the pathway of 
other organisms? (b) Is the ratio between the two stci'co- 
isoincrs of the intermediates between phytoenc and 
carotene similar to that of /^-<:aroteue under defined condi- 
tions? (c) Can A bardawU be employed as a useful organ- 
ism to analyze the mode of action of potential herbicides 
which art by affecting the carotene biosynthcic pathway? 

Materials and Methods 

Alsae—DunalieUa baniawil Ben-Amotz & Avron. a 
local isolated species is depositeti with the American Type 
Culture Collection, Rockvillci MD, no. 3QS6i, 

Growth conditions— Tht algae were cultivated in a 
growth medium containing 1 m NaCl, 5 mM KNO,, 5 tom 



MgSO^, 0,2 mK CaCl,, 0.2 mM KH,PO<. 2//m FeClj, 
NajCDTA. 1 fm MnCii. \(iu atClj, 1//m ZnClz, \ f.iu 
G0CI2, \m (NHJeMojOj* and 50 mM NaHCOj (pH 
^8,0). Algae were cultivated at 26-27«C with continuous 
Ught in a growth cliambcr illuminated with cool wliitc 
fluorescent lamps of about 10 W • m"l Lower light intensi- 
ty was achieved by covering Che flasks with Miracloth. 

Growth iHxrameters and pigmenis^C^U number was 
determined in a Coulter counter model Zm with a 100 /mi 
orifice. For .pigment analysis about 2 ml of algae weie ceti^ 
trifuged Hii.mxg for lOmin. The pellet was extracted 
by 3 ml of a solution of cthanol : hcxane 2 : 1 (v/v), and 
centrifuged at 1,000 for 5 min. Following addition of 
2 ml water and 4 ml of hexanc, the hcxane layer was 
separated and its spectrum determined. Samples for 
HPLC analysis were dried completely under and 
redissolvcd in a minimal volume of methylene chloride. 

HPLC analysis—HPLC analysis was performed as 
described previously (Bcn-Amots: and Avron 1989). For 
detection and quantitative analysis of the various pigmcnls 
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ihc programmable tnulii wavelength detector was set at the 
following wavelengths and the following extinction coeffi- 
cients (E\%) were employed: lycopene. 504 nm (2,950); fi- 
carotenc> 450 nm (2,550); /Meacaroten<J, 427 nm (1,940); (- 
uroieue* 402 nm (2.550); phytoflucnc, 347 nm (1 ,540); and 
phytoene, 287 nm (915). The areas under each relevant 
peak with the appropriate extrtcticn coeflicicm were used 
for quantitative estimations. 

Inhibitors of )9-carotene formation— Norllurazoa« 
Sart 9789, Sattdo7. Co. Basel 13, Switzerland; Nicotine. 
Sigma Chemical Co., St. L-oui$, MO, U,S.A.; CPTA, Am- 
chen Products Inc.. Ambler, PA» U.S.A.; MPTA, Amchen 
Products Inc., Ambler, PA, U.S,A.; Intida/.ole, Sigma 
Chemical Co.. St. Louis. MO, U.S.A.; J-334=RU234. 
ICl Agrochcmicals, U.K., kindly supplied by Dr. S. Ridley 
(Ridley 1982); 42^1668 and 42-1669. kindly supplied by Df . 
P. F. Bocion and Dr. A. Binder of Zurich University. 

Results 

Deveioping an assay 

The routine procedure to induce high /7-carotene bio- 
synthesis in Dunaliella bardawil, i.e. exposure to higli in- 
tensity irradiation (Ben-Amoiz and Avron 1983) can not be 
employed for examining the effects of inlilbitors in the 
carotene biosynthetic pathway, (t was previously shown 
(Ben-Amotz et al. 1987) that under such conditions D. bar- 
dawil loses its resisiancc to photobieaching resulting in 
rapid cell death (Ben-Amotx ct al. ,1989). We therefore 
adopted, as a standard assay for exaituning the effects of 
carotene biosynthesis inhibitors, a procedure in which ft- 
carotene biosynthesis is induced at relatively low intensity 
(l0W»m*^ by starvation to nitrate (Ben-Amotz and 
Avrou 1983). 

Cells were prcgrown with sufficient nitrate at vety low 
intensity (5 W-m"') in order to start with relatively low fi- 
carotene containing cells. They were then washed twice 
and resuspended in a nitrate free medium and incubated 
under low intensity (lOW^nr^). Figure 2 illustrates the 
time course of /^-carotene production under these condi- 
tions. Within 3-4 days the cells doubled to tripled their fl- 
carotene content with no more than a doubUng in the cell 
number, A much lower carotene accumulation, and a 
much larger cell proliferation, occurred when sufficient 
nitrate was also provided during the experimental period. 

Desaturalion inhibitors 

Norj!urazon-^\i was previously shown (Bcn-Anioiz ct 
al. 1987) that the desaturation inhibitor, norllurazon, in- 
hibits /^-carotene production in Dunaliella bardawii while 
causing an equivalent accumulation of phytoene (see also 
Fig. 3. bottom, peak at 286 nm). When used at somewhat 
lower concentrations (Fig. 3, lop) the accumulation of 
phytofluenc, as indicated by the absorption at 330, 348 and 




TIME (doys) 



Fig. 2 Eifect of nitrate deficiency en the ^-carotene content of 
Dunaliella bardawii Algae were grown in a medium contain- 
ing 1 M NaCI under a low light intensity of 5 W'I^"■^ washed 
twice with rtitrate-free tnediiim and incubated in fresh medium at 
3 X 10* cells mi" ^ under u light intensity of lO W*m"^ with or with- 
out 5 mM nitrate, as indicated. Ceil number at the end of the ex- 
periment was 5.5 X 10^ cells lul^^ in the nitrate free medium, and 
1,7 X 10^ in the nitrate spi^ciem medium. 

366 mn, can also be detected. Thus, both the desaturation 
of phytoene to phytofluenc, and that of phytofluene to 
carotene are diflerentially inhibited, depending on the con- 




FIft. 3 Spectra of the pigments accumulated in norflurazion treat- 
ed algae, showing phytoene and phytofluene. Hxperinicntal 
conditions as described {a Figure 2, The inhibitor, at the in- 
dicated cottcentraiion. was added dunng transfer to the mtmic 
free medium. Pigments were extracted for analysis as indicated 
in Methods following 3 days of incubation. 
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ccntratioii of norfluraiOn employed. 

J-S34^Th^ recently (described carolenoid inhibitor 
J-334 (Ridley 1982), when used at high concentrations 
(4,000 iiM) also inhibits fully ff<^Totene biosynthesis but 
promotes the accumulation of phytocnc and f-carotcne 
(Fig. 4, Table I , peaks at 400, 426 nm). At lower concen- 
trations, ^-zeacarotcne (peaks at 426, 452 nm), rather than 
phytoeac wa5 accumulated (Fig. 4, Table I), Thus, depen- 
ding on the concentration employed, difterent sites of 
desaturation were more prevalently aitected resulting Jn the 
accumulation of different intermediates. The lower the 
concentrations, the intermediates preceding the further 
desaturation step arc accumulated. 

The identification of the indicated accumulated inter- 
tnediates is more convincingly demonstrated by separation 
on HPLC and identiGcation of the clutcd peaks by on-line 
diode-array spectrophotometry. Figure 5 illustrates the 
separation of the ptemcnts accumulated in the presence of 
200 iiM J-334. Tlie elution was simultaneously monitored 
at the three indicated wavelengths and full spectra of the 
peaks of interest are presented in Figure 6, Although, as 
can be seen, some pigments overlap in their position during 
the HPLC separation, the combination of simultaneous 
monitoring at tlwec wavelengths coupled with die on-line 
diode array spectrophotometry made it possible to unam- 
biguously identify the accumulated intennediates. 

As previously shown for ^-carotene and phytocne in 
this al«a (Bcn-Amotz et al. 1987," J988), also the other ac- 
cumulated intermediates in the pathway of /^-carotene bio- 
synthesis occurred in two isomeric forms (in this case, fi- 
zeacarotene and C-carotenc). These arc tentatively identifi- 
ed, in analogy with /f-carotciic (Ben-Amotz et al. 1988), as 
the all-trans and the 9-cis isomers. This will be discussed 
further below. 

Cyclizaihn inhibitors. 

The cydization Inhibitors, Nicotine, CrPTA and MPTA 
(Bramlcy and Mackenzie 1988. Britten 1979) when used di- 
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J--»4,4000nM 



300 ^ 500 600 TOO eOO 
Wbvolengfti (nm) 

Fig. 4 Spectra of the pigments accmuuUtcd in J-334 treated 
algae. Conditions as described under Ftgui« 3. 

rectiy severely inhibited growth and survival without ac- 
cumulation of significant amounts of intermediates. How- 



Table 1 The effect of J-334 concentraUon on pigment form ation iu Dunalielia bardawU 

^334 ^P<arotenc p-7^acarotenc C^-arotenc phyto^r 

n^' "'^^^^pS" Chlorophyll chloVophyU 

8'g"'W (%) 

^0(98) 0.0(0) '* 0 (0) 

2.0(27) 4.0(55) t,o(I4) 0.3 (4) 

."Z '^'^'^^ ^'^(2^> ^-0(53) 0.5(7) 
^ 3.0(38) 3.0(39) 

Pigmeat in the toi.1 cSSte^p^^^^^^^ ' '''' ^""^ ^'"'"^ ^ '^-^^'^ «t«^tive proportion of the 



8/W Wd9T:t70 9002 60 'inf 



'ON XbJ 



Inhibitors of )?-<ar6Cetie biosynthesis 



0.15 



0.075 





450nffl If 


i. ■ 


■J ii. .; 


— 1 ^ j- 

4 

" il, J 


t, 



1.0 



~ J-334,SO0nM 



0 5 10 15 20 25 
Tline Iminules) 

Fig. S HPLC analyitis of the pigments accumulated by 
OunatiiHlQ banffnvU treated vith 200 nM J«334. Experimeatal con^ 
dUions as described under Fig. 3. Elulion was sunuUatieously 
monitored at three wavelen^s: 450» 427 and ZS7 nm. The peak 
numbers corrcnpond to the following piftrncnts: I , lutein; 2, 7,ea?c- 
atithin; 3, chlorophyll a] 4, 9<is phytoene: 6. all-tranf phytoene; 
U, all-trans /J-zeacarotene; 12, all-trans (-carotene; 13, 9-cis 
zeacarotene; 14, 9-cis (-carotene. 



ever, if the algae were preloaded with phyiocnc, by 
preincubation in the presence of tiie desaturatioii inhibitor, 
norflurazon (Fig. 3, bottom), the norflurazon removed and 
the cyclization inhibitors added, new intermediates were ac- 
cumulated. 

Figure 7 illustrates the results of such a treatment se- 
quence with norflurazon and nicotine. The upper part of 
the figure illustrates tlie spectrum of an extract of untreated 
algae with the prominent accumulation of /^-carotene. In 
the lower part, the accumulated phytoene (286 nm) is still 
evident, and in addition to /^-carotene* nicotine induced the 
accumulation of lycopenc (shoulder at 504 nm). Thus, 
nicotine inhibits the cycljzation of lycopene to iS-carotcnc. 
The extent of the inhibition can be monitored by the 
change in the ratio of absorption at 504 nm (lycopene) to 
that at 485 nm Off-carotene). As can be seen in Table 2, 
nicotine induced an increase in that ratio from 
0. 19 to 0.69. Similar increases were inducetil by the cycltza- 
tiou inliibitors CI'TA and MPTA. Imidazole, which 
presumably inliibits at an earlier step (sec below) did not in- 



S 



\ 
\ 



250 JOO 350. <300 
WdvelenottY (iim) 



•450 



900 



Fig. 6 Diode array on-line spectrophotometer absorption spec- 
tra of the major peaks indicated' fn Figure 5. 



ducc any change in the 504/485 nm ratio even though it 
markedly inhibits /?-carotcnc biosynthesis (not shown). 

These conclusions arc further substantiated by the 
separation of the accumulated pigtnents on HPLC and 
their identification in the on-line diode-array spectra. 
Figure S. leftf illustrates Che pigments observed following 
treatment with norflurazon. Both 9<ds and ali-trans phy- 




400 soo 



ZOO 



Fig. 7 Effect of aiuotine .on the conversion of phytoene to 
carotene and lycopenc in DunalWlh bardawil. Conditions as 
de.scribeU under Figure 2. Following growth for 3 days i n the pi cs- 
eiicc (lower half) or absence (upper half) of 0.3 /iM iiorflurazuti 
the phytoeiic-rich cells (sec Hg. 3) were washed with nitrate-frce 
medium and incubated for a further day in the same medium with 
(lower half) or without (upper half) 100^ nicotine. Spectra of 
the pigiueats accumulated under the two treatments were iiikcn as 
descnbed under Methods. 
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Table 2 Effects of nicotine, Cl'TA. MPTA and im- 
idiuolc on conversion of (Jhytoeuc io ^-c8rotc.nc and 
lycopene 



Treatment 



Absof bance at 504 n m 
Absorbancc at 485 nm 



Control 

Nicotine, 100 /2M 
CPTA. 50fihl 
MPTA, 50 //M 
Imidazole, i.OmM 



0,19 
0.69 

0.62 
0.64 
0.19 



Conditions as desciibed under Figure 7, cxgqit that nicotine was 
oitimitcd or replaced by (";KrA, MFTA, or iaiidaiole at the in- 
dicated coiicetUracions. 



toene (287 mx\) are clearly visible (sec also Ben-Amotz et at 
1988). The center of tlie figure illustrates the pigments 
present following incubation of the norflurazon pretreatcd 
algae for one day in an inhibitor-free medium. Clearly ihe 
accutnuiated phytoene was converted to /9-caroteae 
(450 nm). The right Side of the figure illustrates the 



pigments present following incubation of.the norflurazon 
pretreaccd cells for one day in a- fresh tnedium containing 
\00^4M nicotine. The accumulation of both 9-vis and all- 
trans lycopene (504 nm) is clearly evident. . The identifica- • 
(ion of the pigments is xni^dc . unambiguous by . the 
siinutuneously taken spectra of the peaks of hiterest, as 
illustrated in Figure 9. 

Othar inhibitors; ■ .* . • • 

Several of the inhibitors used inhibitedTJ-carotenc pro- 
ductlon, with no eOect an growth, chlorophyll biosynthesis 
or survival, but did not induce the accumulation of prod- 
ucts which can be detected spectrally. Among these were 
the new inhibitors 42-1668 and 42-1669 and imidazole 
(Ninct et aL 1969). Under the assay conditions used 
(Fig. 2). lO/iM of 42-1668, lO/iM of 42-1669 or lOmM im- 
idazole caused over 10% inliibition of /f-carotene accumula- 
tion with no etfect on the other parameters, ft is possible 
that the site of inhibition of these compountls precedes pre- 
phytoene pyrophosphate, and therefore no visible interme- 
diates can be obseri^ed in the detection procedures used in 
this study. 
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FlR, 8 HPLC analyws of the pigments accumulated by nomnrazoa prctrealed DunaUeUa baniami incubated with nicoUiic Ex- 
pcriiucntal cnnditioiis were as described in Fig. 7. The left pai t illustrjitcd separation of the pigiiieni^ accumulated by the nortturazon 
treated aigac. Tlic central part, of these aJgac toilowine a wash with a nitrate free tnedium oiid incubation in the latter medium for one 
extra day. and the lighi side when. 100 //m nicotine was included in the mcdhtm of incubation for the extra day. The eluecit was 
.nTniltaneouxly , ead at 450 urn for /i-earotene. 504 nm for lyeopcne and 287 for phytocne. Peak numben aie a,5 indicated under Figure 
i. New peaks were identified as: 5. alMran* /?<arotenc; 7, O^is /jr-eaiotene; 8, all-trans lycopene: 9. 9^-is Jycopenc: 10, unknown. 
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9 Uio<ic arruy on line spectrophotometer absorption spec* 
r the major peaks indicated in Figure 9 right. 
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In the presence of the dilTerent inhibitors, each of the 
/f-carotene intermediates accumulated showed two major 
peaks when separated by HPLC. By analogy to P- 
carotene (Ben-Amotz et al. these wei e tentatively la- 
belled as the ulUtrans and 9«cis stereoisomers. This was 
true for ^-carotene, ^-zcacarotcne, lycopene^ (-caiotenc, 
phytoflucne and phylocnc. Table 3 shows that the ratio be- 
tween the two stereoisomers of each of the intermediates 
was around 0,8 under tl\e conditions employed . Tliese 
data support the suggestion (Bcn-Amotz et al. 1988) that 
stereoisomerization occurs early in the biosynthetic path- 
way of /f-carotene (at or before phytoenc), with no further 
isomerization occurring during the following desaturation 
and cyclization steps (Fig. 1). 

Discus!iioa 

The unique ability of bardawif to accumulate very 
targe amounts of /^-carotene under deiined experimental 
conditions, makes it an excellent choice for studying the 
pathway of /^-carotene biosynthesis. Wc developed tech- 
niques for utilizing this propeiiy of A burdnwH for analyz- 



ing tlie effect of a variety of inhibitors on the pH(hway oX fj- 
carotene biosynthesis. To avoid the destructive effect of 
high light intettsity, usually employed to iudiice high 
carotene biosynthesis, we employed: nitrate dcplctidh. at 
low intensities as the inductive process. Indeed, in con- 
trast to studies wltli other, orgaiysnis/additioti of some of 
the studied inhibitors resulted in massive accumulation of 
the different biosynthetic intermediates of /^-carotene, 
amounting to more than.3jif of . i; he algal dry weight. The 
hijjii concentration of the accuiiiufated intermediates* eased 
the cxtraciion, pufificjation and ideniiricaiion of each4riicr- 
mediate in both of its sterebisofncVic forms. 

Jhc desaluralion inhibUors, norflurazon and J-334 in- 
hibited predominantly dilferent desaturation steps depen- 
ding on the conccniraiion employed. Tlius,. low nor- 
flurazon concentrations induced the accumulation of both 
phytoflucnc and phyioene. while at higher concentration 
only phytoene was accumulated (see Fig. l). 

The effect of J-334, a substituted 6-mcthyl pyi'imidine, 
on the desaturation reactions was very striking, ft almost 
completely inliibitcd /?-carotenc formation at sub- 
micfomolar concentrations, while at the same time massive 
amounts of ^-zeacarotene were accumulated. At slightly 
higher concentrations J'334 blocked the desaturation of C- 
carotene and the alga accumulated large amounts of C- 
carotene. Increasing the cottcentration of J-334 to the 
micromolar range caused inhibition of the phytoene 
desaturation reaction, and the accumulation of phytoene. 

The cyclase inhibitors nicotine, CPTA and ^4PTA. in- 
hibited the growth and survival of Ounadeik bardaml and 
therefore could not be used directly for studying their effect 
on the biosyiithetio pathway of ^-carotene. A two-step 
procedure was devised in wliich the cells were first in- 
cubated in the presence of uorflurazon wiiich caused the ac- 
cumulation of phytoene. they were then washed free ol iior- 
flurazon and treated with the cyclase inhibitors. With this 
procedure the inhibitors blocked the cyclization of 
lycopene, but allowed the transformation of phytoene to 
lycopene to proceed. 



Table 3 Effect of diU'erent inhibitors on the ratio of the two stereoisomers in accumulated intermediates in the pathway 
of ^-carotene biosynthesis In D, bardawil 

y-cis/ail-trans 



Inliibi(or 


/^carotene 


/Cf-zcacaroicne 


Lycopene 


C-caro(enc 


phytoene 


None 


a.7H 


ND 


ND 


ND 


ND 


Norilurazon, 30() um 


0.82 


ND 


ND 


ND 


0.84 


J-334, 40 DM 


0.80 


0.78 


ND 


0.81 


0.75 


J-334, 200 nM 


0.81 


0.83 


ND 


0.85 


0.78 


Nicotine, 100 /<m, I (uorflurazon. 300 nM) 


0.79 


ND 


0.84 


ND 


0.90 



Conditions are as described under Hgurc 3 "8. ND, not detcimiucd. 
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The two atiw inhibitors 42-1668 and 42-1669, and im- 
idazole, most likely inhibit the biosynthesis of /?-caiX)icne 
between gcranylgeranyl pyrophosphate and phytoene. 
They strongly liihibil /^-carotene production, witli no elfect 
on chlorophyll content and with no accumulation of 
pigmented intermediates. Since geranylgeranyl pyrophos- 
phate is aiso an intermediate in chlorophyll biosynthesis 
the sittt of inhibition is probably the one suggested above, 
'!'hc presence of two stereoisomers of each of the idcn- 
tilied /^-carotene intermediates was noted wltii all the in- 
hibitor Studies, Previous evidence showed that light plays 
a major role in both the preponderance of 9-cis /f-caroiene 
and the increase in total ^-carotene in D. hardaml. Both 
were shown to be proportional to the tntcjfral irradiance to 
which the culture is exposed during a division cycle (Ben- 
Amotz and Avron 1983, Bcn-Amotz ct aL 1988). Since all 
the intermediates between phytoene and ^-carotene contain- 
ed similar ratios of the two isomers the isonierization step 
must occur at or before phytoene, and no further isomeriza- 
tioii is likely to occur during the further transformation of 
phytoene to >9-carotene. 

It Is generally believed that lycopetie is the precursor 
of cyclic carotenes (Britton 1979). However, the findings 
that lycopcne synthesis but not ^^arotene synthesis is in- 
hibited when tomato ripens above aO'C or when it is treat- 
ed by dimethyl suiphoxide (Goodwin and Jamikorn !952, 
Raymund et al, 1967, Totnes ct ai, 1958) indicated that 
/^-carotene can be produced aiso via cyclization of 
ncurosporenc to /?-zeacarotcne (see Fig. 1 ), Wc found that 
J-334 severely inhibited /?-<;arotene formation while induc- 
ing large accumulation of /?-zeacarotenc and C-carotene but 
not lycopcne. On the other hand, the cyclase inhibitors 
nicotine, CPTA or MPTA inhibited ^^arotene production 
less severely but did induce moderate lycopcne accumula- 
tion. These results suggest that both pathways of p- 
carotcne biosynthesis are active in A bardawil but that the 
quantitatively major one is that proceeding via fi- 
zcacarotenc. 

The biochemical pathway drawn in Figure 1 summa- 
rizes the most likely pathway for the formation of tlic all- 
trans and 9-cis //-carotene stereoisomers in D, bardawil. 1 1 
also illustrates the concluded sites of action of the various 
inhibitors employed in this study. 
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